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[571 ABSTRACT

A compression refrigerating system includes an oil and
air separator spaced between the refrigerant receiver
and the evaporators of the system, and the refrigerant of
the mixture of oil and refrigerant contributes to the
cooling of the refrigerant circulating to the evaporators
by the evaporation in the oil separator.

18 Claims, 4 Drawing Sheets
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COMPRESSION COOLING PLANT PROVIDED
WITH AN OIL SEPARATOR

BACKGROUND OF THE INVENTION 5

The invention relates to a compression refrigerating
system. Refrigeration systems supply lubricating oil to
the compressor which a small amount of the oil is car-
ried through the system by the circulating refrigerant.
Since the lubricant is continuously supplied to the com- 10
pressor, a considerable amount of oil may be deposited
in the refrigerant, resulting in a reduced cooling capac-
ity of the refrigerant. Therefore, to maintain a system
which is economical to operate and to maintain, an
effective separation of oil and undesired materials from 1°
the refrigerant is desirable.

U.S. Pat. No. 3,850,009 describes a compression re-
frigerating system having an oil separator which sepa- -
rates the oil from the gaseous refrigerant in two steps.
This has proved to be less efficient than separatmg the 20
oil from the liquid refrigerant.

U.S. Pat. No. 2,285,123 describes a refrigerating sys-
tem in which the liquid refrigerant passes through heat
exchangers which is complicated by thermostat valves
controlling the temperature of the mixture of oil and 25
refrigerant such that the oil is separated easily.

European Patent Specification No. 0016509 describes
an apparatus for separation of oil from a refrigerant in
the gaseous phase. The 0il separator is mounted in the
refrigerating system between the pressure side of the 30
compressor and the condenser.

DK Prninted Specification No. 148546B describes a
freezing or refrigerating system with an oil separator,
having the separator spaced under a evaporator and
having a complicated construction such that the separa- 35
tor only services a part of the refrigerating system.

SUMMARY OF THE INVENTION
It 1s an object of the present invention to ,pro{ride a

refrigerating system for purifying the refrigerant eco- 40
~ first part functioning as the oil separator and the second

- nomically while the refrigerant is in the liquid state and
during the normal operation of the system.

The refrigerating system simply achieves oil separa-
tion and can be fitted into the refrigerating system. The
temperature drop occurring in the heat exchanger ves- 45
sel of the oil separator and resulting from the evapora-
tion of the refrigerant of the oil and refrigerant mixture
during the oil separation, cools the liquid refrigerant
which flows to the evaporators of the system through
the primary heat exchanger. 50

An advantageous embodiment of the refrigerating
plant according to the invention is that the separation
occurs in several steps; the first step occurs in a primary
vessel having liquid rcfrigbrant conducted to the pri-

mary vessel by a supply pipe connected to an outlet of 55
the condenser, and a discharge p:pe connects the pri-

mary vessel to the refrigerant receiver; and an oil dis-

charge pipe having an inserted shut-off valve is con-
nected to the oil sump pipe; the last step of the oil sepa-
ration occurs in the vessel of the heat exchanger. 60
Hcreby, an almost complete separation of the lubricat-
ing oil snpplmd to the compressor may be obtained.

A further embodiment of the present invention of the
refrigerating plant is that the vessel of the heat ex-
changer of the oil separator is divided into two parts, 65
each part being separated by a heat transmitting wall.
The first part, which includes the primary heat ex-
changer, functions as the oil separator while the other

2

part, which functions as an air and non-condensable gas
separator, includes a secondary heat exchanger; one
side of the other part is connected to the primary heat
exchanger such that the liquid refrigerant exiting from
the primary heat exchanger passes through the second-
ary heat exchanger before the liquid refrigerant enters
the evaporators of the system. The other side of the

‘other part is connected to the o1l sump of the refrigerant

receiver, and the one side is connected to the first part
of the vessel of the heat exchanger such that the liquid

. mixture of oil and refrigerant passes from the oil sump

through the secondary heat exchanger to the first part

‘of the heat exchanger vessel. The second part of the

heat éxchanger vessel has a supply pipe and a return
pipe to the refrigerant receiver as well as an air dis-
charge pipe discharging into the atmosphere. This em-
bodiment of the refrigerating system according to the
invention is specially advantageous for systems in
which the refrigerant is frequently filled up or ex-
changed, since the cooling of the hot mixture of refrig-
erant at 20°-30° C., the air in the vessel and the noncon-

- densable gas by the cold refrigerant at about —10° C,,
which is separated from the mixture of oil and refriger-

ant by the heat transmitting wall, results in a quick
separation of air and noncondensable gas and results in
an system which is economical. Moreover, the trans-

port of the mixture of oil and refrigerant through the
secondary heat exchanger results in the mixture being
introduced into the oil separator part; here the mixture
undergoes through a comparatively large free fall
which, because of the difference in specific gravity
between the oil and the refrigerant, contributes to a
quick and effective separation of the mixture.

A further embodiment of the refrigerating system

according to the present invention is that the separation

may occur in several steps as with the previous men-
tioned embodiment and that the heat exchanger vessel
of the separator is divided in two parts including the

part functioning as the separator for air and noncon-

‘densable gas as in the previously mentioned embodi-

ment. Therefore, both the above mentioned advantages,
an enhanced oil separation and a quick and efficient

‘separation of air and noncondensable gas, is obtained.

Further embodiments, all concern appropriate details of

the construction of the refrigerating plant according to
the invention.

‘BRIEF DESCRIPTION OF THE DRAWINGS

 The invention will be further explained in the follow-
ing with reference to the drawings, in which

FIG. 1 shows schematically an embodiment of the
- refrigerating plant according to the invention with an
oil separator with one step,

FIG. 2 shows schematically a second embodiment of

‘the refrigerating plant according to the invention with

an oil separator with several steps,

FIG. 3 shows schematically a third embodiment of
the refrigerating system according to the invention with
a combined o1l and air separator, and

F1G. 4 shows schematically an embodiment of the
refrigerating system according to the invention with an
o1l separator, with several steps, and with a combined
separator for oil and air with equipment for automatic
separation of oil and air and noncondensable gas.
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DETAILED DESCRIPTION

FIG. 1 shows schematically a part of the refrigerating
plant according to the invention with the connections
between the condenser, the refrigerant receiver 13 and
the oil separator 1 and a vertical section through the
latter. From this the oil separator is constructed as a
vessel 1, which is provided with a layer of heat insulat-
ing material 19, which is in turn enclosed in a metallic
outer lining 20. The vessel 1 includes a primary heat
- exchanger 3, which includes tubes through which liquid

refrlgerant flows from the refrigerant receiver 13 by a_

primary plpc 16 and continues to flow through a sec-
ondary pipe 16’ to the supply pipe 6 for the evaporators
of the system.

4

mixture of oil and refrigerant in the heat exchanger
vessel 1 is maintained by the electric level regulator 17.

A time clock controls two magnet valves 116, 11c in the

10

I3

The refrigerant receiver 13 includes an oil sump 14

spaced in the bottom portion; the oil sump 14 collects

the oil_containing portion of the refrigerant, and the
refrigerant is conducted to the upper part of the oil
separator 1 through an oil sump pipe 11 having a shut-
off valve 11a and a magnet valve 11b. As the oil and
refngerant free falls through the vessel, the oil and the
refrigerant is separated, and the oil is collected at the
bottom of the vessel and discharged through an oil
_ discharge pipe 12 with a discharge valve 124. The re-

frigerant in the mixture evaporates, dropping the tem-

perature in the vessel to about —10° C. This tempera-

ture drop cools the refrigerant flowing towards the
evaporators through the primary heat exchanger 3. The
refrigerant evaporated from the mixture is conducted
from the vessel 1 to the suction side of the compressor
through a suction pipe 15 and is returned to the refriger-
ating system.

The vessel 1s provided with an electric level regulator
17 for the control of the level of the mixture of oil and
- refrigerant 1n the vessel 1 of the oil separator. The elec-
~tric level regulator 17 controls a magnet valve 115 in
the oil sump pipe 11 by a relay such that a predeter-
mined amount of oil an refrigerant according to the
circumstances is supplied to the vessel 1 of the oil sepa-
rator. |

In the refrigerating system shown schematically in
FIG. 2 and in accordance with the present invention,
the oil separator is constructed such that the separation
takes place in two steps The first step occurs in a pri-
mary vessel 33, which is connected to a supply line 34
which is connected to the outlet of the condenser 39 for
conducting liquid refrigerant, and a discharge line 35 is
connected to the refngerant receiver 13. The supply
. line 34 is connected to the primary vessel at a point at a
first predetermined height above the bottom of the
primary vessel 33, while the discharge line 35 is corni-
nected to the primary vessel at a second predetermined
height, for example, at the upper third of the primary
vessel. This height is sufficiently high for the oil and the
refrigerant to separate in layers by gravitation and is
sufficiently high to prevent the separated refrigerant
with a lesser content of oil from flowing over the layers
and being conducted to the bottom of the refrigerant
receiver 13.

- The oil collected at the bottom of the primary vessel
33 is conducted to the oil sump pipe 11 through a pri-

mary oil discharge line 36 through the shut-off valve.

36a and a magnet valve 11c¢ to the oil sump pipe 11, such
~ that the second step of the oil separation occurs in the
heat exchanger vessel 1 in the same way as in the em-
bodiment of the refrigerating plant according to the
“present invention shown in FIG. 1. The level of the

20
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primary oil discharge line 36 and the o1l sump pipe 11,
respectively, to adjust the discharge of the mixture from
the refrigerant receiver 13 and from the primary vessel
33.

FIG. 3 shows schematically an embodiment of the
refrigerating system according to the invention in
which the heat exchanger vessel of the oil separator is
divided in two separate vessel parts 1a, 2 by a heat
transmitting wall 18. The first part la of the oil separa-
tor, which includes the primary heat exchanger 3, func-

“tions as an oil separator, while the second part 2 func-

tions as separator for air and noncondensable gas; the
second part 2 includes a secondary heat exchanger 4,
which is connected to the primary heat exchanger 3
through the secondary and primary pipe 16’, 16. The

primary heat exchanger 3 is connected to the refrigerant

receiver 13 through the primary pipe 16 such that the
liquid refrigerant passes from the refrigerant receiver 13
through the primary heat exchanger 3 and through the
secondary heat exchanger 4 to the supply pipe 6 of the
evaporators of the system. The other side of the second-
ary heat exchanger 4 is connected to the oil sump 14 of
the refrigerant receiver through the oil sump pipe 11
and 1s connected to the first part of the heat exchanger
vessel 1a through a downpipe 4a such that the liquid
mixture of oil and refrigerant passes from the oil sump
14 through the secondary heat exchanger 4 and through
the downpipe 4a by free fall to the first part of the heat
exchanger vessel. This aspect of the present invention
otherwise functions in the same way as the oil separator
shown in FIG. 1.

The lower part of the second part 2 of the heat ex-
changer vessel 2 1s connected to the upper part of the
refrigerant receiver 13 through a line 9 with an shut-off
valve 94, and the upper part of the heat exchanger ves-
sel 2 is connected to a water filter 7 by an air discharge
line 8 with a discharge valve 8a, and the water filter is
open to the atmosphere. The lower part of the first part
1z is connected to the lower part of the refrigerant
receiver 13 by a return pipeline 10. Hereby, the mixture
of air, the noncondensable gas, if any, and refrigerant
passes from the refrigerant receiver to the air separator

~ part in which the air is separated, resulting from the

cooling from the secondary heat exchanger 4 and the

- cooling through the heat transmitting wall between the

50

35

65

two container parts 1a, 2. The refrigerant is collected at
the bottom of the vessel part 2 and is conducted back to
the refrigerant receiver, while the air and noncondens-
able gas rises and is discharged into the atmosphere.
The embodiment of the refrigerating system accord-
ing to the invention shown schematically in FIG. 4 is a
combination of the embodiments shown in FIGS. 2 and

3, as the o1l separation takes place in two steps, and the

heat exchanger vessel is divided in two parts 1a, 2 so
that both the oil and the air and noncondensable gas
may be separated. The second part of the heat ex-
changer vessel 2 is connected to the upper part of the
primary vessel 33 by a line 9' with an inserted shut-off
valve 94', instead of being connected to the upper part
of the refrigerant receiver 13 as illustrated in FIG. 3, the
refrigerant receiver 13 is connected to the upper part of
the primary vessel 33 by the connecting line 37.
Thereby, the mixture of air and refrigerant is conducted
from the refrigerant receiver 13 to the primary vessel 33
and with a mixture of air and refrigerant which is col-
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lected in the primary vessel is conducted to the air
separator, which functions as explained above.

This embodiment is furthermore arranged such that
the separation both of oil and of air and noncondensable
gas takes place automatically. The automatic oil separa-

tion i1s obtained by providing the first part 1a of the heat

exchanger vessel with an uninsulated steel standpipe 40
for the indication of the level of the liquid in the vessel
a differential thermostat 21 with two detectors 22, 23 is
mounted on the standpipe such that the variation of the
oil level which produccs a perceptible difference in
temperature of the liquid in the standpipe, may control
the opening and the closing of a magnet valve 24 in the
ol discharge pipe 12.

- The automatic separation of air and noncondensable
~ gas is achieved by providing the second part 2 of the
heat exchanger vessel with a differential thermostat 25
which has first detector 26 mounted in the second part
2 of the heat exchanger vessel, while a second detector
27 of the differential thermostat is mounted in the pri-
mary pipe connection 16 between the refrigerant re-
ceiver 13 and the primary heat exchanger 3. The differ-
ential thermeostat is controlled through a relay by a third

10

135

20

magnet valve 28 which is mounted in the air discharge

pipe 8, such that the valve opens when the air or non-
condensable gas acts upon the first detector 26 -and
closes again, by the warmer refrigerant in the primary
pipe connection 16 acting upon the second detector 27
when the space has been ventilated.

By the embodiments shown in FIGS. 3 and 4, it is
possible, when the system is sufficiently ventilated, to
‘operate only the oil separator by closmg the shut-off
valves 9a, 10a in respectively in the pipe 9 between the
primary vessel 33 and the second part 2 of the heat
exchanger vessel and the pipe 10 between the vessel and
the refrigerant receiver 13. Hereby, a more economical
operation of the system is achieved as the cooling,
which is produced by the evaporators of the refrigerant,
will be employed fully for cooling the refrigerant which
flows towards the evaporators of the system through
the primary heat exchanger.

I claim:

1. A compression refngeratmg system compnsmg

a condenser;

a refngeram receiver for receiving refrigerant and
havmg an o1l sump;

a primary plpc for conducting the refngerant

an oil sump pipe for conducting the refrigerant;

a suction pipe for conducting the refrigerant;

an oil discharge pipe having an oil discharge valve;

evaporators having a supply pipe;

a motor; ._

a compressor driven by the motor for compressing
the refrigerant;

a condenser for cooling the refrigerant and collected
in the refrigerant receiver, the rcfngerant being
conducted to the evaporators spaced in portions of
the system to be cooled;

an oil separator including a heat exchanger vessel for
separating oil from the rcfngcrant said heat ex-
changer vessel including a primary heat exchanger
having a supply side connected to an outlet of the
refrigerant receiver through the primary pipe and
havmg a discharge side connected to the supply

- pipe of the evaporators, the heat exchanger vessel
being connected to the oil sump through the oil
sump pipe, the oil sump being in an bottom part of
the refrigerant receiver, the heat exchanger vessel

25

30

35
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being connected to a suction side of the compressor
through the suction pipe, and wherein a lower part
of the heat exchanger vessel 1s provided with the
oil discharge pipe.

2. A compression refrigerating system according to
claim 1, wherein the oil separator further comprises a
primary vessel for the separation of the oil and the
refrigerant, a supply line for supplying liquid refrigerant
to the primary vessel from the condenser, a discharge
line for conducting the refrigerant, a primary oil dis-
charge line conducting the refrigerant and having a
shut-off valve, the primary vessel being connected to an
outlet of the condenser through the supply line, the

primary vessel being connected to the refrigerant re-

ceiver through the primary oil discharge line, the pri-
mary vessel being connected to the o1l sump pipe, and
wherein oil separation occurs within the heat exchanger
vessel.

3. A compression refrigerating system according to
claim 1, wherein the heat exchanger vessel further in-
cludes a first vessel portion, a second vessel portion for

separating air and non-condensable, gas a heat transmit-

ting wall separating the first vessel portion and the
second vessel portion, said first vessel portion including
said primary heat exchanger for separating the oil, said
second vessel portion including a secondary heat ex-
changer, said compression refrigerating system further
comprises a line, an air discharge line, a downpipe, and
a return -pipe, wherein one side of the secondary heat
exchanger si connected to the primary heat exchanger
for conducting the refrigerant to the evaporators of the
system, another side of the secondary heat exchanger is
connected to the oil sump of the refrigerant receiver

‘through the oil sump pipe, the secondary heat ex-

changer si connected to the first vessel portion of the

- heat exchanger container through the downpipe so that

40

45

50

35
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the liquid mixture of oil and refrigerant flows from the
oil sump through the secondary heat exchanger to the
first vessel portion through the downpipe, wherein the
second vessel portion of the heat exchanger vessel is
connected to an upper part of the refrigerant receiver
through the line, the second vessel portion of the heat
exchanger is connected to the atmosphere through the
air discharge line, and wherein the second portion of the
heat exchanger is connected to the refrigerant receiver
through the return pipeline.

4. A compression refrigerating system according to
claim 3, wherein said compression refrigerating supply
system further comprises a primary vessel, a discharge
line, a supply line, and a primary discharge line, the
primary vessel being connected to an outlet of the con-
denser through the supply line for conducting the liquid
refrigerant from the condenser, the primary vessel
being connected to the refrigerant receiver through the
discharge line, the primary vessel being connected to
the oil sump pipe through the primary discharge line, .

- and wherein oil separation occurs in the heat exchanger

container of the oil separator.

5. A compression refrigerating system according to
claim 4, further comprising a second line, wherein the
primary vessel of the oil separator is spaced above the
refrigerant receiver, an end of the supply line is passed
through-spaced within a lower portlon of the pnmary
vessel, an upper portion .of the primary vessel is con-
nected to a lower portion of the refrigerant receiver
through the discharge line, the upper portion of the
primary vessel is connected to the refrigerant receiver
through the second line for the separation of air and
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noncondensable gas, the second vessel portion of the
heat exchanger vessel being connected to the upper
portion of the primary vessel through the line and
wherein, said line includes an valve.

6. A compression refrigerating system according to
one of claims 1, 2, 3 or 4, wherein the heat exchanger
vessel is insulated with a heat insulating material.

7. A compression refrigerating system according to
one of claim 1, 2, 3 or 4, wherein the heat exchanger
vessel includes an uninsulated standpipe for an indica-
tion of the level of the liquid in the heat exchange ves-
sel. |
8. A compression refrigerating system according to

one of claim 1 or 3, wherein the heat exchanger vessel

of the oil separator includes an electric level regulator,

~ arelay, a magnet valve in the oil sump pipe, wherein the

electric level regulaior activates the relay to control the

magnetic valve in order to maintain a predetermined
liquid level in the heat exchanger vessel.

- 9. A compression refrigerating system according to

10

15

20

one of claim 1 or 3, wherein the heat exchanger vessel

of the oil separator includes a float valve to maintain a
predetermined liquid level in the heat exchanger vessel.

-10. A compression refrigerating system according to
one of claim 2 or 4, wherein the heat exchanger vessel
of the oil separator includes an electronic level regula-
tor, a relay, a timer and two magnetic valves, respec-

‘tively, in the oil sump pipe and in the oil discharge pipe

connected to the primary vessel, and wherein a prede-
termined hquid level in the heat exchanger vessel is
maintained by a mixture of oil and refrigerant alter-
nately supplied from. the primary container of the oil
separator or from the oil sump of the refrigerant re-
ceiver.

11. A compression refrigerating system according to
one of claims 1, 2, 3 or 4, wherein the heat exchanger
vessel of the oil separator includes a standpipe for pro-
viding an indication of an oil level in the heat exchanger
vessel, a relay, a magnetic valve and a differential ther-
mostat including a first detector and a second detector
mounted on the standpipe such that the differential
thermostat, in accordance with variations in the oil
level in the standpipe, activates the relay to control the

opening and closing of the magnetic valve in the oil

discharge pipe.

12. A compression refrigerating system according to
one of claims 3, 4 or §, wherein the second part of the
heat exchanger container of the oil separator includes a
relay, a differential thermostat, a magnetic valve having
a first detector spaced inside the heat exchanger vessel
at a predetermined level, and a second detector
- mounted in the primary pipe between the refrigerant
receiver and the primary heat exchanger, wherein the
differential thermostat activates the relay to control the

opening and closing of the magnetic valve mounted in

the air discharge pipe.

13. A compression refrigerating system comprising:

a compressor for compressing a refrigerant;

a motor for driving said compressor;

a condenser for cooling the compressed refrigerant;

a collector vessel for collecting condensed refri igerant
and including an oil sump;

an evaporator adapted to be cooled by the condensed
refrigerant;

25
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an oil separator having a primary heat exchanger in a

heat exchanger vessel;

means for supplying refrigerant from the collector

vessel to the evaporator through the primary heat
exchanger;

means for supplying the oil-refrigerant mixture from

the oil sump to the heat exchanger vessel and re-
leasing refrigerant to the compressor through a
suction pipe; and

an oil discharge pipe including a valve arranged in a

~ lower part of the heat exchanger vessel.

14. A compression refrigerating system comprising:

a-compressor for compressing a refrigerant;

a motor for driving the compressor;

a condenser for condensing the compressed refriger-

ant;

a collector for collecting condensed refrigerant and

including an o1l sump;

an evaporator adapted to be cooled by the condensed

refrigerant;
an o1l separator having a primary heat exchanger in a
heat exchanger vessel, heat exchanger receiving
refrigerant from the collector through a primary

~ pipe and supplying the evaporator through a sup-
ply pipe;

wherein the heat exchanger vessel receives a mixture

of oil and refrigerant from the sump through a
sump pipe and releases refrigerant to the compres-
sor through a suction pipe; and

an oil discharge pipe is provided at a lower part of the

 heat exchanger vessel, with the o1l discharge pipe

including an oil discharge valve.

15. A compression refrigerating system according to
claim 14, wherein the oil separator further comprises a
primary vessel connected between the condenser and
the collector and connected by an oil discharge pipe
though a valve to the sump pipe.

16. A system according to claim 14, wherein the heat
exchanger vessel comprises:

a first part which contains the primary heat ex-

changer and separates o1l form the refrigerant, and
a second part, above the first part, which contains
a secondary heat exchanger and separates air and
~noncondensable gases from the refrigerant, the
refrigerant from the primary heat exchanger passes
through the secondary heat exchanger before being
supplied to the evaporator, oil from the sump is
passed through the secondary heat exchanger to
the first part of the vessel, and wherein the second
part of the vessel receives refrigerant and gases
from the upper part of the collector and returns
substantially on the refrigerant to the lower part of
the collector, and, in the upper part, is provided
with an air discharge pipe and air discharge valve.

17. A system according to claim 16, wherein the first
part of the heat exchanger vessel includes a standpipe
for indicating an oil level and a differential thermostat
mounted on the standpipe for controlling a magnetic
valve in the oil discharge pipe.

18. A system according to claim 16, wherein the
second part of the heat exchanger vessel has a differen-
tial thermostat including a first detector inside the sec-
ond part of the heat exchanger vessel and a second
detector in the primary pipe for controlling the air dis-
charge valve in the air discharge pipe, with said air

discharge valve being fashioned as a magnetic valve.
¥ X =* x %
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